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1 Introduction

Consider a system of n non-negative variables subject to m linear equality
“shaft” constraints. This system may be specified by

Hy = 0
y =2 0,

where H is an m by n {0,+1, —1} matrix, the columns of which correspond
to the cells of a “table”, and the rows of which correspond to the shaft
constraints of the table. Neither cells which are structural zeros nor shafts
which are structural zeros are included in the system. The set vectors y
satisfying the above system we will call the set of feasible tables.

Let a = {a;}?_; be the original specified feasible table. Let P = {iy,---,i,} C
{1,---,n} be the set of p primary suppressions. For each iy € P, there is a
lower bound requirement /;, and an upper bound requirement u;,. The aim
of suppression is to find, for each & (k = 1,---,p), feasible tables y and z
such that

1. yik = a,-k + Uik

2. Zi, = Qg — l'Lk

3. y; = 2j = a4, 7 ¢ PUC, with the set of cells C' of complementary
suppressions being as “small” as possible.



2 Exact Solution

The above requirements translate exactly to the following mixed integer
programming problem (MIP) in variables (z;y®); 2 &k = 1,--- p). Let
T >> 0 be a large positive constant.

min ¢’z
s.t.
k )
ai—aixigyg)gaiﬁLaixiT, 1=1,---,n; k=1,---,p

ai—az‘l‘iﬁz(k)ﬁai+ai$iT, t=1,---,m k=1,---,p

i

yg:):aikﬁ—uzk, k=1,---,p
Zz(;]:)_aik liy, k=1,---,p
Hy® =0, k=1,---,p
H® =0, k=1,---,p
;=1 1€ P

ze{0,1}" y® >0; 2% >0, k=1,---,p

The choice of cost function ¢ is subjective. For example, if it is desired
that the total number of cells in C' is minimized we take

1 ifigP
“=Yo0 ifieP

On the other hand if it is desired to minimize the total value of cells on C

we take

O:{%iugp

! 0 ifieP
The latter objective function is more desirable for our purposes. While this
problem produces exactly the desired solution it is quite unwieldy in prac-
tice, except for very small problems with few primary suppressions (even
using CPLEX). Consider the example of a standard n* table with p primary
suppression and no structural zeros. (By a standard table, we mean a com-
plete table with no heirarchies.) In the CPLEX implementation we have a
MIP with (2p + 1)n* varaiable, n* of which are binary, and p(4n* + 2kn*~1)
constraints. This problem grows quickly!



3 Heuristic 1

Insead of processing all primaries at once, we can process them one at a
time. It helps to order the primary cells by their required protection levels
from largest to smallest. Then for each primary 7;, £k =1,---,p we solve the
following MIP in variables (z,y, z). Let T >> 0 be a large positive constant.
min ¢’z
s.t.
a; —a;ir; <y < o+ o, i=1,---,n
a; —a;r; < z; < a; + o, 1=1,---,n
yik = aik + U’ik

Zip = Ay, — lik

Hy=0
Hz=0
;=1 1€ P

z€{0,1}"; y>0; 2> 0
After solving each of the p mixed integer problems, we update the cost
function ¢ and the constraints involving x alone. We do this as follows. If
Cy is the minimal set on complementary suppressions obtained after solving
problem £, we have upon entering problem £k + 1,
C__{ a; ifig PU (Ui, C))
and the constraint \
z,=1,1€ PU (U CJ)
7j=1
We proceed with each of the primaries, and when we are done we take

P
C = U Ck-
k=1
This solution will satisfy the coverage requirement, but not it is not optimal.
In the case of the standard n* table with p primaries and no structural
zeros we solve p MIPs each with 3n* variables, n* of which are binary, and
4n* + 2kn*~! constraints. This problem is more manageable but can still
take a long time on a reasonably large table.
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4 Heuristic 2

We can get a further heuristic solution which involves solving only linear
programming (LP) problems. It again satisfies the coverage requirements
but is not optimal. In fact, it can do no better with regard to optimality
than the solution obtained with Heuristic 1. The advantage of this procedure
is that it is very fast - due to the fact that it involes only solving LPs. As
with Heuristic 1, we order the primaries by their required protection levels
from largest to smallest. For each primary suppression iy, £ = 1,---,p we
solve two LPs in variables (y, z) as follows:

min ¢’ (y + 2)

s.t.
z<a
Hy—2)=0
Yij, = Ugy,
Zy =0
y>0,2>0

and,

Yi, =0
Ziy, = iy
y=>0,2z2>0.

After solving each of the 2p linear problems, we update the cost function c.
We do this as before. If C is the minimal set on complementary suppressions
obtained after solving problem £, we have upon entering problem k + 1,

e ifigPU( ’izl C;)
“T o ifieru (U, C)



We proceed with each of the primaries, and when we are done we take

2p
C= G

k=1

In the case of the standard n* table with p primaries and no structural
zeros we solve 2p LPs each with 2n* variables and kn*~! constraints. This
procedure does well in practice.

5 Heuristic 3

We can improve upon Heuristic 2 by processing the upper and lower re-
quirements together with a single LP, rather than separately as was done
in Heuristic 2. As with the other heuristics, the coverage requirements are
satisfied. With regard to optimality, it can do no worse than Heuristic 2 and
no better than Heuristic 1.

As before we order the primaries by their required protection levels from
largest to smallest. For each primary suppression i, £ = 1,---,p we solve
an LP in variables (y, z, w, v) as follows:

min ¢ (y+ 2z +w +v)

S.t.
z<a
v<a

Hy—2)=0
H(w—v)=
Yi, = Uiy,
Zip =
Wy, =
Vif, = by,

y>0,2>0w>0,v>0.



After solving each of the p linear problems, we update the cost function c.
We do this as before. If C is the minimal set on complementary suppressions
obtained after solving problem k, we have upon entering problem £ + 1,

Joa ifig PU (UL, C)
“Tl0 ifiePu (U, C;)

=1

We proceed with each of the primaries, and when we are done we take

In the case of the standard n* table with p primaries and no structural
zeros we solve p LPs each with 4n* variables and 2kn*~! constraints. This
procedure does well in practice, as well.

6 Heuristic 4

Finally, we can improve upon Heuristic 3 by processing all primaries together
in a single LP, rather than separately as in Heuristic 3. As with the other
heuristics, the coverage requirements are satisfied. With regard to optimality,
it can do no worse than Heuristic 3 and of course no better than the Exact
Solution.

We solve an LP in variables (y®*); 2%); w®): v®) & =1,... p) as follows:

p
min Y T (y® + 2 4w o ®))
k=1

S.t.

M <a k=1,---,p
v(k)ga, k=1,---,p
Hy® — 2"y =0, k=1,---,p
H(w(’“)—v(k)):o, k=1,---,p
vy =iy, k=1,,p
zg:):(], k=1,---,p

w® =0, k=1,

ix



(k)_l

vik — lgg kzlaap

y(k)z()’ Z(k)ZOw(k)ZO, ) >0, k=1,---,p.

In the case of the standard n* table with p primaries and no structural
zeros we solve an LP with 4pn* variables and 2pkn*~! constraints. With
the aid of modern software such as CPLEX, this formulation works well -
provided there are not too many primary suppressions.

7 Additional Remarks

After applying Heuristic 1, Heuristic 2, or Heuristic 3 and obtaining a set on
complementary suppressions, C', we can possibly improve upon our solution
as follows. We can do a “cleanup”. That is, we can try to unsuppress cells
in C.

For each complementary cell ji, (k =1,---,|C|) we can run the p MIPs
in Heuristic 1, the 2p LPs in Heuristic 2, or the p LPs in Heuristic 3 with the
following cost function:

T ifi=jg, (T >>0)
ci=<¢ 0 ifee PUC and i # ji
a; ifigPUC

If at any stage the optimal value of the objective function in greater than
zero, we conclude that cell j; cannot be unsuppressed and proceed imme-
diately with looking at cell jgii. If on the other hand we go all through
the MIPs of Heuristic 1 or the LPs of Heuristic 2 or 3, and the optimal
value of the objective function is always zero, we conclude that cell j; can
be unsuppressed.

In this fashion we get a minimal set of complementary supression - mini-
mal only in the sense that no proper subset will satisfy the coverage require-
ments.

With advanced technology, computers get faster and faster. As time goes
on it will become more and more practical to run the LP in Heuristic 4 (and
even the MIP in the Exact Solution) on larger and larger problems.



